A new homologous series of intermetallic compounds containing three-dimensional (3-d) tetrahedral frameworks of gold atoms, akin to hexagonal diamond, have been discovered in four related Sr-Au-Al systems: (I) hexagonal SrAl 3-x Au 4+x (0.06(1) ≤ x ≤ 0.46(1), P6̅ 2m, Z = 3, a = 8.633 (1) . These remarkable compounds were obtained by fusion of the pure elements and were characterized by X-ray diffraction and electronic structure calculations. Phase I shows a narrow phase width and adopts the Ba 3 Ag 14.6 Al 6.4 -type structure; phase IV is isostructural with Ba 2 Au 6 Zn 3 , whereas phases II and III represent new structure types. This novel series can be formulated as Sr 
■ INTRODUCTION
A rapidly growing class of metal-rich solids belongs to polar intermetallic compounds, 1 which involve combinations of an electropositive metal among the first three groups of the Periodic Table with electronegative, late-or post-transition metals. The "polar" designation refers to the formal electron transfer from the active metal component to the electronegative ones according to their electronegativity differences, whereas the intrinsic metallic nature of these compounds requires electron back-donation from the electronegative to the electropositive component. Thus, there is no significant overall net charge transfer but, rather, a redistribution of the occupied valence states of the constituent elements. This fundamental aspect of their electronic structures and the breadth of chemical elements that are available to form polar intermetallics leads to a broad range of complex structural chemistry and potential physical properties, such as superconductivity, thermoelectric behavior, and itinerant or local magnetism, all of which create systems that are ripe for exploration, analysis, and application.
As a compound class, polar intermetallics lie between two classical intermetallic families: Zintl−Klemm (ZK) phases 2−5 and Hume−Rothery (HR) phases. 6, 7 ZK phases are valence compounds also involving electropositive and electronegative elements in which the latter form polyanions using all available valence electrons to form typically two-center, two-electron bonds or, in some cases, deltahedral clusters according to the Wade−Mingos rules. 8, 9 HR phases, on the other hand, involve densely packed late-and post-transition metals with structures that follow specific valence electron-to-atom (e/a) ratios. 10 In polar intermetallic compounds, the electronegative metals adopt structures that generally optimize polar-covalent bonds, as in ZK phases, according to analysis of their electronic structures, but their atomic structures usually involve significant multicentered, delocalized bonding, as observed in HR phases. 1 In particular, inclusion of late transition metals T with formally filled 4d or 5d shells, i.e., T = Pd−Cd or Pt−Hg, with the heavier trielide or tetrelide elements (X = Ga, In, Tl; Ge, Sn) and the active alkali or alkaline earth metals (A) has revealed numerous compounds with great stoichiometric and structural variety, e.g., polyanionic networks with complex polyhedral cavities or tunnels filled by cations, 11−20 as well as icosahedral quasicrystals and approximants. 21 Among the variety of new A−T−X phases, the greatest successes for the discovery and subsequent characterization of complex polar intermetallics have emerged for T = Pt 22−24 and Au. 25−38 These two late transition metals show substantial relativistic effects on their valence 6s electrons (and orbital). 39 This relativistic effect causes Pt and Au to have electronegativities on par with chalcogenides like Se and Te, 40 as well as enhances the ability of the valence 5d electrons (and orbitals) to engage in bonding with various metals. 41 In particular, a wide variety of Au motifs have been observed, including chains or sheets of condensed Au 4 tetrahedra, 32 wavy layers, 30 hexagonal stars, 33 squares, 34 as well as a new quasicrystal 35 and crystalline approximants. 36 The calculated electronic density of states (DOS) of these compounds often indicate pseudogaps around the Fermi level, an outcome which is a partial signature of electronic stability because this feature frequently separates filled bonding states below from empty antibonding states above the pseudogap. Although the strongest orbital interactions are the heteroatomic Au−X contacts, which, together with Au−Au interactions, typically constitute ∼40−65% of the total Hamilton population from all near-neighbor pairwise contacts, an increasing role of A−Au bonding has become evident because they achieve, in some cases, 26−28 up to ∼25% of the total Hamilton population. In this work, we have extended the search for novel polar intermetallic compounds into the largely unexplored phase spaces of Ae−Au−Al systems (Ae = alkaline earth metals). The choice of Al as the trielide component, in contrast to Ga−Tl, is motivated by its location in the Periodic Table on the amphoteric, or metalloid line, an observation which implies that the chemistry of Al-containing intermetallic compounds may be different from the chemistry of the other triels. In particular, additional structure-bonding relationships that could facilitate a better general understanding of the compositions and stabilities of polar intermetallics are anticipated. On the other hand, new kinds of Au-clustering or Au-frameworks are anticipated in Ae−Au−Al systems, because of significant chemical differences between Al and the other triels. The fact that Al is one of most abundant chemical elements on earth, and is extensively present in modern technology, runs counter to the meager list of Ae−Au−Al representatives found in the ICSD database. 42−45 In the present work, we report structural and bonding analyses of four new examples from the Sr−Al−Au system: (I) We are expressing chemical formulas of these Sr−Al−Au phases in increasing order of absolute electronegativities. These four compounds, indeed, now represent the first examples of a completely new homologous series that are united by a common unique structural and bonding feature for Au atoms: a hexagonal diamond-like framework.
■ EXPERIMENTAL SECTION
Syntheses. High purity starting reagents included dendritic Sr (99.9%, Alfa-Aesar), Au ingots (99.997%, Ames Lab), and Al ingots (99.999%, Alfa-Aesar). These were handled in a N 2 -filled glovebox in which the moisture level was maintained below 0.1 ppm (by volume). The surfaces of strontium and aluminum were cut clean with a scalpel just before use. The reactions were carried out in welded Ta metal tubing jacketed within evacuated fused silica containers and heated in resistance furnaces. 46 All reactions were run at 1000°C for 24h, then slowly (5°C/h) cooled to 750°C, annealed at that temperature for 72h, and finally quenched in cold water. Phase purity was assessed by comparison of the experimental powder X-ray diffraction (PXRD) patterns with those calculated from structures refined from single crystal XRD. All products are not terribly sensitive to exposure to air; several weeks of exposure are needed to detect slight changes in product appearances. Nevertheless, all manipulations of the products minimized their exposure to air.
Powder X-ray Diffraction. Powder diffraction data were collected at 293(2) K using a Huber 670 Guinier powder camera equipped with an area detector and Cu Kα radiation (λ = 1.540598 Å). In a glovebox, powdered samples were homogeneously dispersed between two Mylar sheets with the aid of a little vacuum grease. These were, in turn, held between split Al rings that provided airtight seals. Unit cell parameters were refined using the WinXPow program. 47 Structure Determinations. Single crystal diffraction data were obtained at 293(2) K using Mo K α radiation (λ = 0.71073 Å) and a Bruker SMART APEX CCD diffractometer. The data were collected in the form of three sets of 606 frames with 0.3°scans in ω and exposure times of 10 s per frame. Reflection intensities were integrated and corrected for Lorentz and polarization effects with the SAINT program in the SMART software package. 48 Space group determinations were accomplished using the XPREP program and the (1) ) is listed in Table S2 of SI.
SHELXTL 6.1 software package. 49 Empirical absorption corrections for all compounds were carried out using the SADABS program. 50 Finally, each structure was solved by direct methods using SHELXTL 6.1 and refined by full-matrix, least-squares fitting on F o 2 , ultimately with anisotropic displacement parameters and a secondary extinction parameter.
Electronic Structure Calculations. Electronic structure calculations and analysis of chemical bonding features were accomplished for the following ordered stoichiometric models using the lattice parameters and atomic coordinates from the corresponding crystal structure refinements of single-crystal X-ray diffraction data (see Tables 1 and 2 ): "SrAl 3 Au 4 " for I (position M is fully occupied with Al); "SrAl 2 Au 5 " for II (position M is fully occupied by Al); "Sr 2 Al 2 Au 7 " for III (positions M1 and M2 are completely occupied by Au and Al, respectively); and "Sr 2 Al 3 Au 6 ' for IV (position M is completely occupied by Al). The TB-LMTO-ASA program package 51 was employed using the Barth-Hedin exchange potential 52 for the LDA calculations. The radial scalar-relativistic Dirac equation was solved to obtain the partial waves. 53 Because the calculation within the atomic sphere approximation (ASA) includes corrections for the neglect of interstitial regions and partial waves of higher order 54 an addition of empty spheres was not necessary. The following radii of the atomic spheres were applied for the calculations: "SrAl 3 Au 4 " (I), r(Sr1) = 2.285 Å, r(Sr2) = 2.386 Å, r(Al1) = 1.487 Å, r(Al2) = 1.452 Å, r(Au1) = 1.519 Å, r(Au2) = 1.495 Å; "SrAl 2 Au 5 " (II), r(Sr1) = 2.278 Å, r(Al1) = 1.500 Å, r(Al2) = 1.459 Å, r(Au1) = 1.542 Å, r(Au2) = 1.662 Å, r(Au3) = 1.513 Å; "Sr 2 Al 2 Au 7 " (III), r(Sr1) = 2.209 Å, r(Al1) = 1.508 Å, r(Au1) = 1.540 Å, r(Au2) = 1.583 Å, r(Au3) = 1.543 Å, r(Au4) = 1.592 Å; and "Sr 2 Al 3 Au 6 " (IV), r(Sr) = 2.224 Å, r(Al) = 1.500 Å, r(Au) = 1.527 Å. For each calculation, a basis set containing Sr(5s,4d), Au(6s,6p,5d) and Al(3s,3p) orbitals was employed with Sr(5p,4f), Au(4f) and Al(3d) functions being downfolded. 55 Meshes of 512 (8 × 8 × 8) k points in the irreducible parts of the corresponding first Brillouin zones were used to obtain density of states (DOS) and crystal orbital Hamilton population (COHP) 56 curves, and their subsequent integrated values.
The electron localizability indicator (ELI, Y) was evaluated in the ELI-D representation 57−59 with an ELI-D module within the TB-LMTO-ASA program package. Topological analysis of the electron density, i.e., estimation of the shapes, volumes, and charges of the atoms after Bader (quantum theory of atoms in molecules, QTAIM 60 ), and of the electron localizability indicator, e.g., localization of the ELI maxima as fingerprints of the direct atomic interactions, was performed with the program DGrid.
■ RESULTS AND DISCUSSION
Four distinct phases were obtained during systematic explorations in Sr-poor and Au-rich regions of the Sr−Al−Au system (see Figure 1 ). Well-formed single crystals of I, II, III, and IV were first obtained with at least 40%, 85%, 90%, and ∼95% (essentially single phase) yields from the reactions with loaded Sr:Al:Au molar ratios, respectively, of (1) 2:9:9; (2) 2:5:13; (3) 2:2:8; and (8) 2:3:6. According to powder X-ray diffraction, the phases Sr(Al 1−x Au x ) 12−13 (NaZn 13 -type and related types) 62 and Sr(Al 1−x Au x ) 5 (BaZn 5 -type) 63 formed alongside I, whereas the majority of Bragg reflections in the patterns of the products obtained from the latter three reaction loadings, which were Au-richer, fit well to simulations calculated from single crystal refinements, respectively, of II, III, and IV. A small number of low-intensity peaks that could not be assigned to these major phases were attributed to yet unidentified Au-richer compounds. Single-phase products of I, II and III, obtained in ∼95% yields, were subsequently obtained when 1:2.6:4.4 (I), 1:2:5 (II), and (5) 2:2:7 (III) molar ratios were loaded (see X-ray powder diffraction patterns in Figure S1 of Supporting Information [SI]).
According to phase analysis from a combination of single crystal and powder X-ray diffraction experiments (see Table S1 of SI), the hexagonal phase I has a modest homogeneity width that can be described as SrAl 3−x Au 4+x (0.06(1) ≤ x ≤ 0.46(1)). The upper bound was assessed by a comparison between the refined composition of a crystalline specimen I* (SrAl 2.54 Au 4.46 (1) ), which was extracted from a Sr:Al:Au loading (9) 2:11:13, and the powder X-ray diffraction pattern from a sample loaded as "SrAl 2.5 Au 4.5 " (10), a pattern which showed ∼85−90% of hexagonal SrAl 3−x Au 4+x and ∼10−15% of the Aurich orthorhombic phase SrAl 2−y Au 5+y (II). The presence of the orthorhombic phase II indicates a maximum Au content in the hexagonal phase SrAl 3−x Au 4+x to be x ≈ 0.45 (1) . Additionally, least-squares refinement of unit cell parameters of the hexagonal phase in this powder X-ray diffraction pattern, i.e., a = 8.660(2) and c = 7.109(3), deviates less than 2σ from values obtained by single crystal refinement of specimen I*. Therefore, the refined composition of I*, SrAl 2.54 Au 4.46 (1) , represents the upper limit of Au content in the hexagonal SrAl 3−x Au 4+x phase. The lower bound, x ≈ 0.06(1), could be assessed using similar reasoning for other loadings. Specimen I, which refined as SrAl 2.94 Au 4.06 (1) , must be close to the lower limit of Au content because crystals were selected from the three-phase product loaded as (1) 1:4.5:4.5.
The homogeneity widths of the other three compounds, II, III, and IV, were established following a similar analysis of Xray powder diffraction patterns, single crystal experiments, and controlled loading patterns. Details of the analysis for these three phases are described in detail in SI.
Crystal Structures. Important crystallographic data for each phase I, II, III, and IV are summarized in Table 1 , and their atomic positions, site occupancies, and equivalent isotropic displacement parameters are listed in Table 2 . Important interatomic distances and more detailed crystallographic information, as well as anisotropic displacement parameters, are available from the corresponding CIF files, which are available in the SI. The four compounds I−IV belong to an emerging homologous series of polar intermetallic compounds with the general formula Ae m [M 3 ] n Au 2(m+n) (Ae = alkaline-earth and M = trielide or tetrelide element) that contain two structural motifs: (i) a 3-d tetrahedral Au-framework similar to hexagonal diamond; and (ii) single Ae atoms and M 3 -triangles, each encapsulated within the distorted hexagonal prismatic cavities of the Au-framework (i), as shown in Figure 2 . Motif (i) involves hexagonal rings of Au atoms in a chair conformation fused at each edge into puckered layers. These layers stack so that the hexagons are eclipsed (see Figure 2) , and Au−Au connections form between layers so that each Au atom has a distorted tetrahedral coordination by four Au neighbors. For motif (ii), depending on the relative atomic proportions m and n, the M 3 -triangles can be either isolated or interconnected into zigzag chains or incomplete Kagoménets. The complexity and symmetry of these structures depends primarily on changes occurring in the M 3 -triangles. As the overall Au content increases, Au atoms replace Al atoms in these triangles, which are essentially [Al 3 ] entities in the hexagonal and rhombohedral phases I, I*, and IV, and the number of Au−Al contacts increases, distances which are normally shorter than Al−Al ones. Consequently, structural deformations caused by the Au− Al shortenings within [Al 1−x Au x ] 3 -triangles are also echoed in the rest of the crystal structure, especially via distortion of the tetrahedral Au-framework (i). Reduction of crystalline symmetry from hexagonal and rhombohedral to orthorhombic and monoclinic certainly corresponds with structural distortions caused by Au in substructure (ii), but it is also regulated by other factors such as relative atomic proportions, which affects the valence electron concentration, as well as the distribution and condensation of M 3 -triangles throughout the voids of the tetrahedral Au-framework. In the next few paragraphs the four structures are described to emphasize their similarities and differences.
In Monoclinic Sr 2 Al 2−z Au 7+z (III), which exhibits the most distorted tetrahedral Au-network, also has equivalent planes of M 3 -triangles and Sr atoms, but in the molar ratio of 1:2. In fact, these planes resemble the motif at z = 1/2 in crystal I, in which the M 3 -triangles are isolated from each other, surrounded completely by Sr atoms. Site occupancy factors for the sites of the M 3 -triangle in III give an averaged composition [Al 1.68 6.18 . There are six puckered hexagonal nets of Au atoms stacked along the c-axis with three distinct channels of voids occupied by ···Sr···[Al 2.82 Au 0.18 ]···Sr···. This structure type has been recently reported for Ae−T−Au phases (Ae = Sr, Ba; T = Zn,Cd,...).
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Volume and Coordination Analyses. Since the four structures I−IV all adopt a similar hexagonal diamond-like, tetrahedral Au-framework and achieve their stoichiometric diversity from both the compositions of the [Al 1−x Au x ] 3 -triangles and the ratio between Sr atoms and these triangles, an examination of some local and global structural trends is warranted. Some global characteristics, viz., average atomic volume, average Au−Au distance in the tetrahedral net, and average valence electron count per electronegative element Au +Al, for samples I, I*, II, III, and IV are summarized in Table 3 . Room temperature densities of the elements Sr, Au, and Al give their approximate atomic volumes, respectively, as 56.0, 16.9, and 16.6 Å 3 . In combination, the four compounds yield ∼10− 12% contraction of the average atomic volume, which partially substantiates their classification as polar intermetallic compounds. The results in Table 3 atoms as a distinct crystallographic position in the M 3 -triangles introduces local repulsions between neighboring Au atoms of the hexagonal rings, whereas the remaining two atoms of these triangles, which are primarily Al, retain more attractive heteroatomic Au−Al interactions and, thereby, shorter distances.
Electronic Structure and Bonding Analysis. Although the crystal structures of the title compounds showed some mixed Au/Al occupancies among sites in the M 3 -triangles, for the TB-LMTO-ASA calculations, all sites were assigned to their majority element resulting in four idealized compositions: hexagonal "SrAl 3 Au 4 ", orthorhombic "SrAl 2 Au 5 ", monoclinic "Sr 2 Al 2 Au 7 ", and rhombohedral "Sr 2 Al 3 Au 6 ". As mentioned above, these four compounds fall into two distinct classes according to their valence electron count per electronegative (Au+Al) element. This electron counting approach does not include the valence 5d electrons of Au because these valence orbitals are formally filled and located in a broad band that is located ∼3−7 eV below the corresponding Fermi levels in the DOS curves. Nevertheless, the Au 5d orbitals do participate in chemical bonding with both empty Sr 4d and Al 3p wave functions. The influence of Au 5d orbitals on the 6s and 6p valence orbitals and their participation in bonding has been discussed, 41 and is closely associated with relativistic effects associated with Au.
The similarities among crystal structures I, II, III, and IV translate into similar DOS curves for the model compositions (see Figure 3) . In line with typical polar intermetallic compounds containing a late transition metal, all DOS curves generally show a wide s and p valence band, which is intersected by the 5d band of Au and reveals deviations from free-electronlike characteristics near the corresponding Fermi levels. Often, polar intermetallic compounds will have a pseudogap in the DOS curve close to the corresponding Fermi levels. In these Sr−Al−Au cases, however, the pseudogaps in the DOS curves lie above all respective Fermi levels. From the individual atomic contributions to the DOS curves, the Fermi levels correspond to the regions where Sr contributions begin to increase.
The analyses of crystal orbital Hamilton populations (COHP), which provide a measure of covalent bonding interactions in chemical structures, also exhibit some unusual features for these polar intermetallics. In hexagonal "SrAl 3 Au 4 ", with the highest valence electron concentration per electronegative metal (e/a = 2.14) and lowest Au content (50 at. %), the heteroatomic Au−Al contacts contribute the most to the total Hamilton population (∼63%) by having both the largest −ICOHP values (averaging 1.65 eV/bond) and being the most frequently occurring interactions (54 contacts/cell) in the structure. However, the Au−Al orbital interactions are not optimized at E F suggesting that some electron-richer atoms, such as additional Al atoms, could be introduced into the structure so that additional valence electrons could occupy the remaining Au−Al bonding states. In SrAl 3−x Au 4+x , however, the opposite situation occurs, i.e., Au atoms replace Al atoms at the 4c sites, an outcome that lowers the total valence electron count and must deplete Au−Al bonding orbitals. On the other hand, additional Au atoms will decrease the number of Al−Al contacts within the triangles, replacing them by strong polar covalent Au−Al interactions, and also increasing the number of Au−Au contacts. The latter interactions are especially important in structural stabilization of "SrAl 3 Au 4 ", considering their significant contribution to the total Hamilton population (∼17%), which comes as a result of their significant number (of total 24), as well as large −ICOHP values, which are, on average, ∼1.03 eV/bond (see Tables S4−S6 in SI) .
Perhaps the most interesting features emerging from the analysis of all COHP curves are the broad, nonbonding regions of Au−Au interactions located from ∼3 eV below to ∼1.5 eV above the Fermi levels in all four structures. Thus, both addition and subtraction of valence electrons should not significantly disrupt the 3-d tetrahedral Au-framework until these critical energy values are reached. Therefore, two questions immediately arise: (1) whether the 3-d tetrahedral Au-framework can exist without any trielide structural component in the voids; and (2) whether the role of the trielide element can be played exclusively by Au atoms, so that all triangles in the prismatic voids are built up of only Au atoms. A partial resolution for both questions can be found by analyzing the Sr−Au binary system, specifically the crystal structures of SrAu 2 and SrAu 5 . SrAu 2 67 does not crystallize in the hexagonal CaIn 2 -type structure, but adopts the orthorhombic CeCu 2 -type structure, 68 in which every Au atom is coordinated by a distorted tetrahedral environment of four Au atoms. Although CeCu 2 -type SrAu 2 also contains distorted, puckered hexagonal nets of Au atoms, these layers are stacked to create four-membered rings rather than six-membered rings in the boat conformation found in the CaIn 2 -type structure. SrAu 5 , 69 which adopts the hexagonal CaCu 5 -type structure, reveals that additional Au atoms can form triangular units, but these will rather condense together with Au-hexagons into Kagome-like nets rather than retain a 3-d tetrahedral framework. Another example, Mg 13 Au 41 , 70 shows that [Au 3 ]-triangles can center hexagonal Au prisms, but without any obvious bonding features between two Au-hexagons. Therefore, from this brief structural−chemical analysis, we conclude that the presence of Al is essential to stabilize the 3-d tetrahedral, hexagonal, diamond-like Au-framework. The existence of this network in this series of Sr−Al−Au compounds suggests that Au is similar to trielide or tetrelide elements, which form such tetrahedral frameworks as either formally negatively charged (trielides) or neutral (tetrelide) species, as it is known from intermetallic clathrates. 71 Thus, gold atoms use their valence 6s and 6p orbitals for covalent interactions with aluminum within the net. From the DOS and Au−Au COHP curves, the filled 5d orbitals contribute minimally to bonding within the Au tetrahedral framework. The Au−Au interaction within the network is not very strong (cf. ICOHP values in Tables S4−S7 in SI). The existence of Ba 3 Ag 14.6 Al 6.4 , 64 which contains a hexagonal diamond-like Ag-framework, is another similar example, in which the filled 4d bands of Ag are located lower in energy (see Figure S3 in SI), and show lower dispersion, i.e., are more localized, than the 5d bands of Au in SrAl 3−x Au 4+x .
Further insights into the structural organization and chemical bonding features of these gold-rich compounds in the Sr−Al− Au system were obtained by analysis of atomic interactions in real space using the electron localizability approach. 58 According to the absolute electronegativity values of the components 72 (Au, 5.77; Al, 3.23; Sr, 2.00), a formal anionic behavior of the gold atoms, significant polar character of Al−Au interactions, as well as a formal cationic behavior of the embedded Sr atoms may be expected. This expectation is supported by the atomic charges calculated according to QTAIM. 60 The shapes of the QTAIM atomic basins together with the effective charges in "SrAl 2 Au 5 " (II) are shown in Figure 4 ; the effective charges for all four model compounds are collected in Table 4 . The atomic basins of Sr have shapes that are nearly spherical and include the inner four shells. The valence fifth shell is completely missed, which might be expected assuming their role as cations and charge transfer to the polyanionic framework, cf., for example, Sr in Sr 8 Al 6 Si 40 73 or Mg in MgB 2 74 ). Integration of the electron density within each Sr atomic basin yields effective charges of +1.4−1.5, values that are very close to those recently observed for Sr in Sr 8 Al 6 Si 40 . 73 On the other hand, the basins of Al and Au are not spherical and resemble the coordination of these atoms in the crystal structure. They include also the valence shells. Such features of atomic basins of Al and Au indicate significant covalency to the Al−Au interactions. Because the QTAIM charges for aluminum atoms are positive, the aluminum−gold interaction has significant polar character. The relatively large charge differences between different Au sites may be understood in connection with their local coordination. Whereas the slightly negatively charged Au2 sites are surrounded by 6 electropositive (3Sr + 3Al) and 2 electronegative Au atoms, the Au3 species, which carry the largest negative charge, are surrounded by 6 electropositive (3Sr + 3Al) and 5 electronegative gold atoms; the Au1 sites with the intermediate charge have just 5 electropositive (3Sr + 2Al) and 3 electronegative Au atom neighbors. The amount of negative charge on the Au atoms changes with the number of the (negatively charged) homonuclear neighbors. Thus, in general, charge transfer plays an important role in the organization of the crystal structure of "SrAl 2 Au 5 ," as well as in all model Sr−Al−Au structures studied here. Although the larger unit cells and numbers of atoms per cell hinder evaluation of more precise populations of the atomic basins, a slight tendency of the dependence of charge transfer on the Au:(Sr + Al) ratio is suggested from the effective charges in Table 4 .
The atomic interactions in "SrAl 2 Au 5 " were analyzed using the electron localizability approach. 58 The distribution of the ELI around each Sr nucleus is spherical and does not reveal its valence shell; there are no dedicated ELI-D maxima in the space between Sr and any atoms in its environment (see Figure  5, plane of the [Al 2 Au]-triangle. These interactions have mainly two-center character but show a distinct tendency toward threecenter character also ( Figure 5 , middle and bottom). The local interactions involving Al are similar to those observed in Al 2 Cu, 75 in which three-bonded Al atoms form interpenetrating graphite-like planes. Furthermore, in "SrAl 2 Au 5 ," no dedicated ELI-D attractors were found for the Au−Au contacts despite their relatively short distances, a result that is in agreement with the nonbonding Au−Au interactions around the Fermi level deduced from the COHP analysis (cf. above) and may be caused by the fact that Au atoms participate in the three-center interactions with Al. On-going investigations to shed more light on this somewhat unusual result are in progress.
Despite the similarities among the triangular units in the four crystal structures I−IV, the interatomic interactions within them will be very sensitive to the local atomic coordination. For example, in the crystal structure of SrAl 3−x Au 4+x , two types of triangular clusters are present. In the z = 0 and related planes ( Figure 6, top) , the two-center Al−Al interactions in the triangle are more pronounced, while the interactions below and above the triangle's plane have more three-center character. In the z = 1/2 and related planes, the distribution of ELI-D indicates a rather weak Al−Al interaction within the triangle, as in the 
